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ABSTRACT: 

A structure and fabrication method for a phase-shifting lithographic mask 
wherein an attenuated phase-shifting mesh structure (Att PSM) is combined 
with an alternating-element phase shifting mask (Alt PSM) to provide a mask 
combination consisting of phase-shifted and unshifted attenuated 
backgrounds in which the phase-shifted attenuated backgrounds surrounds 
the unshifted components and the unshifted attenuated background 
surrounds the phase-shifted components. A substrate (10), composed for 
example of quartz, has discrete layers of phase shift material (12) such as 
silicon nitride (Si3N4). The phase shifter (12) provides a 180 degree phase 
shift to light transmitted through it. Transparent regions (14) which also may 
be composed of quartz are disposed on the phase shifters (12) and 
attenuator material (16) is disposed on the top of regions (14). The majority 
of the attenuator regions of the mask are slightly transmissive absorbers 
and pi shifted openings such as the background (K) with respect to 
openings (C, E, G and J). The slightly transmissive, pi shifted absorber (H, 
A and I) is composed, for example, of chromium plus a phase shifting layer. 
In the areas where isolated, small, opaque features are required, the 
unattenuated phase shifter (B) is used instead of the Att PSM. Where there 
are closely packed patterns (C, D, E, F and G), every other element (D and 
G) is shifted by - pi . The shifted elements are each decorated by a rim that 
has the same transmission as the Att PSM but shifts 3 pi . In the present 
configuration, each of the closely packed elements is surrounded by an 
attenuated phase shifter; whereas, it is also pi -shifted respect to its close 
neighbor. The extra opaque line between the shifted and unshifted 
elements (H and I) do not print, because they are imbedded in a background 
of low transmission. These elements are 3 pi shifted (equivalent to pi shift) 
while the background area (K) is 4 pi shifted (equivalent to zero phase 
shift). 
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imxmi) m&±.izmv*>ntc$i8 l /w->®&zG 
89e»«0it«3 n^®^±fc^tt 5,n&*w^iis«5 

ft©<@S'Jg&e<t:> 

fc&*f«l»>7 H®R©iBSi|g8§Jii£fii;t, ifl 

fiffi->7h«t mmmmzmu mm&m^ybmm 
*5<t iSi->7f-tii£iDi*. mm 

tc !7hMf!i (<M*®3 0° ) £}tr3 

W«y7h-7X?. 
[W#5l4] 2»c-*tir*^7hB*fc;S&fc#-r*il 
£&«Mte*MI:^3B*0ttffiS/7h ■ YXi?. 

££#&£-r£«*B3Gitt©ftffi->:7 h • ^5-. 
[|t#« 7] fiffix7h--7Xf ©SJjgTj SK&^T, JO 

It, 

mrf3!giRtlj|±£<»>7 h$jR£^t. 
5'7Ml*-£**Xg2,!:, 

me^dMH«tffi^7 h»±ic7* h wx h©s& 1 © 
®M*s7 b®%.twm<Dfflmftvn9->*m&t 

5XS3t, 45 
IS 3 lC*^T»asnfcttE«R*J:t«i»J«»±K 
7* hW-7Xh©Jl£iS!tt5Ig4.i:, 
WE7* hk^Xh^S^tXy^^yUT, &ffl^7 
h^R©t3ie«3iJ8l&#©jitiR£ nfci«±l:x y *y>J 

- TX7£i&ST£ig5<»:, 
fiffl>'7 h»g©WIBe9J8S»*Xy^>^UT» USE 

&ffl->7 h©j«©MES^anfcfi^si^*-r5ie6 

t. =£^trrt5&^@i:-r5&ffl^7h • VX*©Sjg 
[9t#«8] MEXg6fc:fctt5iiflfe{£#->7h&S£ 50 
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•j 7 b*7\z&y)&3ktz>z.t*%fWLttz>mim7%i 

[000 1] 

[^w©s-r-5ft^»»] ^©fgwfct d 77*77^ 

ftfc, 7* HJy^77^K^Tffll^n5ftffl->7 
h • VX7fCWT5 t)©-C&5. 
[0 0 0 2] 

[ft*©8fl5] 7* MJ 7 7* y7-<iZ^X, VX7 
tt. SiDX#)C/1^->&@5feS-&?)fc«)tCfflV^nT 

©«ftwtttBft**si** c sneer *a**suii 

->7 MSflf£ffl^-5;ii:T-a&5. 
[0 0 0 3] SftTtt, /h^?^-^-*- (f e a t u 
re) ?ttfe%/h£t>jM**/^~>». #fi©3fr¥«J 

7*h»jy^57^£ffltvrm£sns. ftStt'ctt, 
wum®&&vft¥mzmwti.m®T'ftt>nrc/w-> 

tj. yt¥mzmwts;m®\$. ftsaastt. -micko 
x««T»«±K:a«an*. u*u n*->©&$t 

-7X7±©/^->g2g&g©ff*©3!tK:. 2^©^a 
9m#rffl©E»#*3<fcoT#£. ^SM^M©Sg 

a*jfcftig»rf*. @»f*nfc*tt, *««o*fcttiBi*i 

5 5tf*. *©£«, 2^>©*SSIf®«IW©X^-X 

77^ izmsmis^mmsmtts:*. 

[0 0 0 4] 3e*»7*hUyy97^K*W-*@*rO 
©IE»JiEKA7->©'$"g©->7 h©7-f 5>7*©£flS 

{CUT, @$f©^#$S«S-&S. 

[0005] ftffl->7i< • vx^©ias©e»ituT. 



-1756- 



3 

ifttSW. "Improving Resolution 
in Photolithography with 
a Phase-Shifting Mask", 
I. E. E. E. Transactions onE 
lectron Devices, Vol. ED-2 
9, No. 12, December 1 9 8 2{CH^$ 

[0 0 0 6] ±83AKfc<t*l«. "Phase-Shi 
fting and OtherChallenges 
in Optical Mask Technolo 
gy, (short course on phase 
-shift ma s k t e c h n o 1 o g y, SPI 
E Conference, 1991) T?, Burn 
J. Llntl, i*CDM->7f-ftfl:ol>T^W 

3>h7Xr£it*$it3©ca£:Pg40» (sub- 
resolution) (HlS^hftW 
7->©'JA 05i») TMWS^USUAttlBS^Mfcaf 
T&S. Llnlt 5offlS^57^-ft ■ /17-> 

©7>f-ff;^->H UAf4ffiv7M-«fcoTSc 

tooo7] ^n^©ftia>'7h©ffitc, M«ft4s->7 

BfttfJHR*®ift*0fc ft © Mil 
trVX7#Stt$n3. ^BfttfSgS, 2 8 8, 5 6 9 
^ilf "FEATUREBIASSING AND 
ABSORPTIVE PHASE-SHIFTING 
TECHNIQUES TO IMPROVE OP 
TICAL PROJECTION IMAGING" 

k. <m~>7?&Mtsmiz-rzzttf{(Lm>'y h ■ vx 
7©ffi«©n , T'7i-*^(rTs. 7*hjv^7 

[0 0 0 8] i©*B^WaBStt. 3:7c > KiR#£ffl 

^r, a«±©ftffi->7*©#av^-->^©iigj8£ 

^■£^©#Jj£KOUTj^T^S. *£ft&ffi->77 
TCt^ffiffiS^©^, **fcl*l»?'f>"f 

pt— 7^j^^n, i7^iifit7^-ft©^«) 

7-f-^Y*^f£^n-5. S^lC^ifiLfc^S:©gJ^ 

Mf:, &ffi->7^a^cswefe5©T. c©#sijfc 

ftffi->7 K • -?X7«, (U t t) &«->7 r • 



(3) 4$H§¥8-2 1 1 5 9 0 

4 

[0009] *^w©ft«fcBga-r-5ffi©5ti)ctt, «t 

©t*5DTS5. 
[0 0 10] *H#fr?f§5, 0 4 5, 4 1 7^9J|fflS 
"MASK FOR MANUFACTURING S 
EMI CONDUCTOR DEVICE AND M 
ETHOD OF MANUFACTURE THER 

eof" «, i cry7<Dm'Wfc&£xf&M®itzm 
mtzmfmimm, &£ztm&7ti±7>\zm^ibft% 

5. mz. mwmrAo&oizLTMf&znz. -r&t> 

3W«», vX7 -/i7->£&*i:fcW;t8/hT<5 

X7*«£iISft<!:. SWI^^7caSISa-5)ci:©W 
K. 18 0° ©{£«£#££ u &3fc<h©Tg&££C£ 

[0 0 1 1] #H*lfrfS4, 9 0 2, 8 9 9 ^^M* 
"LITHOGRAPHIC PROCESS HAV 
ING IMPROVED IMAGE QUAL I T 

y" «. Mk¥®ytm®<Dm&mzmm-fztsbiz%^ 
<=> u v ^5 7 ^ ©*»a± x> *>/h;* ^«»©*sw 
x.u*>b $fcijs?!xv^> h s-^trvx 7 ^ffl t>§ 

77W • 7D-feX£S!^LT^-5. 
[0 0 12] *Bf»fFiJllll&ft4, 8 9 0, 3 0 9#W 
50 It "LITHOGRAPHY MASK WITH 
A tt-PHASE SHIFTING ATTENU 
ATOR" «, *©i3/&Uy^77^ -->X^A*H 
-r&t>^. Alt«fi&j£©-gS£ 
X&£tt. VX7©^-7>- 7-*-^£iI£««i£ 
lt*fU 7t©^»f67^7>fc*tt«lS^*fi:ffi>'7h$ 
UTV>*. ^g#:*aS^©n:5^T> 

S«*. £©#Hfcgf©3§Wte, XfcUV^??*** 
(repl icat ion) fc::fett£7-f — f^fflly 
40 -7T©®«#:fli©XO-7"£. t£*©X8r?X7fc«k9 

#sn&xD-7KottLT, a*kl-th*. tusfcx 
□-7&. ^n^s^nyt^-f >iis^s*nitg«cr-5 
©t% ^dss^j^-c^s. 

[0 0 1 3] #fflftfff§4, 8 8 5, 2 3 1*t938J» 
"PHASE SHIFTED GRATING BY 
SELECTIVE IMAGE REVEAL O 
F PHOTORES I ST" it. H&<t<< 7*- 7* h 
W^XH©'J7^77^fCj;DSi)*Sn7c^C. -f^ 
-$>»4!9«fe C -5 i 5 tt£ ->Xx A £K§j* UT 

50 *©J:3JCL-T. flPifc^nT^X-f&^Wgfl 
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W»££*fiL-T. &^©U V7*7 7^C<fc9B/SL;t 
18 0° Ws? V*%Z>. d©«fc3fc{£ 

-5. 

[0 0 14] SHttlKM, 8 0 6, 4 4 2^9§$« 
"SPATIAL PHASE MODULATING 
MASKS AND PRODUCTION PRO 
CESSES THEREOF, AND PROCE 
SSES FOR THE FORMATION OF 
PHASE-SHIFTED DIFFRACTIO 
N G R A T I N G S " 14. 2 ■3<Dgl3iZ%.m&&-rZ> 

7tt, KWfflfc*oM->7 h»»SM 

(DFB) fSfrl/- tf©i?jg©fc«)©®ftVX7<i:l, 
T*ffl?a&S. ffifBSIKV77£l|iT»«£jfc|f8ilT® 

fttsies^-rs. iiifr&^sfcaa^y-^a^© 
-cmBfr-zwmtzmtr* z. tat-css. 

[0 0 15] 

[few^stUct^t-rssis] £sxp*>h£«-> 

7 h • VX? (A 1 t PSM) 14. ZAZWtytfrl 

*-i?>ifmw<DM»m&2mzTzfitm&&LTK 

h • ■eCD'f 77*-*X (i s 

ofocus) frttflt. #*Ka**ra»*. L-frU 

7 h ■ 7X7 «. #fSMn£fcte#8i*jgW7^-^ 
CfPfflL&K M«fiffl->7N • (At t PS 

m) i4. ffit©v77 • A9—>tz.ttm-9-&ip, mzs 

[0 0 1 63 CWSSWTH, A t t PSM«, Alt 
P SMtSfl-g-^n, ^-©ijg*, £ftSP57j©PSM© 
ftMfggif S££a*T#-5o £©389!©BWt4. Al 

tPMStAtt-Utt <g£d:«ifc 
&&Z>Z.tlZ&Z>. 

[0017] z\<D%w<DBmt. wiafH<D&m<&mz 

->7hSn5Att PSM*g<fcO&SPSM£g0f: 
lTZZLt\Z$>Z. 

[o o 1 83 z\<D%w<Dm®Bmt. ~>7h2tizmm 

«£ii'7h;*ft&^g#gi±0fc.5PSM£g# 
?ZZ.t\Z&K>. ->7h^nSM«W4. is7h2tl 

[0 0 1 93 i»»W©S6Cffi©B«)l4. «S~>7h 
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sn. g&wfc8$a<7^-3^££&m#iBSi;:-f 
5. ^gPSM*jg«-rsc:i:(c*5. 
[0020] z<D&W(D-£z>\zm<Damt> ~>7h$n 

7 >r Msss^sn. anwfceM*^ 

[00 2 13 

Bit. *fl£-a-£5 (Alt)* 

10 &UWM-ftm&. (A t t -U t t ) ©firffi->7 h • T 
77 (A 1 t - A t t -U t t PSM) (DW-ffim&fR 

T. S2f4. Hi©-7X7©<HB0 ; &^-r. igiijjctf 

E2tciJ^T. *T0©/Vy?>7"t4. MSxl/^>h 
£s*U *±0©A>y^>yi4ftfi>'7 h -Xl/^>h 
SrjSL-TfcD. 01©7DX ■ A<^^>yf4. MSXU 
*>h*5<fcO:&ffiv7h • X.V*>btimtS.-z>Tcffi$ l * 

014. 3Mb->tf3> (Sij N 4 ) Oi5ftfiffi->7h 

SilT Sftf:: 1 8 0" ©&ffl->7h£#A£. *ft<fc9 
fc*«H«*l 4#. &$v77l 2±C«W-6*u M 
SlftR16*t. ««14©±fc«»t6n*. Bl&ttf 

#-C£9. nac, E, G, Jfc2ffSttJRK©J;5& 
ic5/7hBIPT**. fc'f#ICgn«!>fc5'7 h©JR# 
(4. BlICH, A, I TiSn« 0Utf7OA<!:&ffiv 

59 7^-9-^f)^mt^n^mmn\t, HiKB-cwsn 

£#J£8ffiffi->77#, At t PSM©ft=b9t;:m> 

[0 0 2 23 C, D, E, F, Gfc<fc9^£n5<fc'5fc 

f6frffiMsnfc/t^->*t#ft-r5ffi«cTi4. -r^x© 

<S©Xkpt>h (D*5«fctfG) *t-7Cfc*tt->7h^n 
•So ->7N2n&XU*>M4. At ttUDS 
ig^^fS*t, 3 7r©^7h=£WT5'JAfC«fct5T, 

5, 1 8 8, 5 6 9nmmm\ZMW2nT^Z>R im 
40 PSMtLTtt^nT^5T77Cffl^e.nSUAJ;D 

t>n®-e«fcK d©^itT(4, ^tffigsnfcxk^ 

>h©#*«, ^JS&fflv77{I<toT®DHin. « 
7j. -e©jfift-r5XW/>Mc:^I>7r->7h$nT^ 

s. 0ncH*«tt;i-e^$ns7-f>©«i:3*->7h 

Sn-5Xk^>hi:v'7 bSti/ft^XW-^OhtCW© 
^FSM7-f>t4. 7*U>h$n^K <h^5©tt, 

57<>*«, ffiSja^©»jtrtfcminT^i-5*^-p 

WtHUDtllt, 3 7r->7h$n-5. Jinttrc 
->7hfc^ffiTJBS. «JtK(4, 4 7C->7h$n. C*l 
5» f4^ttffl->7htC^fiIiT*§. 
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[0 0 2 3] ;r©$6"$©A 1 t -A t t -U t t PS 

m (aau psm) nmM<omm&, 03, 04, 0 

IC. Ot, S§BJ®JR#1 6<h, »«sfB<>7* 

m 1 2 i^s&svx? - yyytfrzmmtffflt&zn 

5. SW©iR^16tt, £©fg93©jffig£»fc-5;i<t:fc 
&-/7hSt5. 1-^T©rci)£gftjf->7*©Bif£«fc0 

0° -r^^-^2 7c-(9©x^5 i >^tfT^n5o i62 

X\t, S2K;K97#H/yXM 8*TOf,nT. 
B6{;ft,fc5i:. iSiT«$nfc/i?->il:l 

0 7{C^$n-5XS3C9^©X>y5 1 >^(C«-UT. 3 tc 
v-7 h • U A&itfU t t P SM««£S«?f^. 0 
7©VX7#jf£©¥00£, 03(C^-r. 
[0 0 2 4] tt©S&7jife«, S^CK^X>75 1 >^S 
«tt*W1-?>2 0©fi:1B->7MiSrffl^Tl'^. 08 K 
^-fiStC. -#©Jf«, 3 3 0° •ttzt>%2iz-6ri 

imm^^ybb, m%<om\t. mz, x&m~>7*v 

©^-tt&«^Ts©t^5i:^^t^i^^r. 04, 0 
5, 06, 07 iz^ntzmmxmtmcx'$>^ 

[0 0 2 5] Al t-Al 1-Ut t PSMSrSit-f 

•sffi©73^«> 014 m4tmcx$>z>) ©*«#<=> 
mui-rzo xg i a. ^«tc->7^ 1 2, i6 £B^1- 

**». 01 5tC^-r±'5C. *g£«l 0(iXy5 1 >y 
L£K 7*M/-7XMl8$ffl^T, XS2tt. X 
ig3T07t->7^©U7h^7ffia©fc«)C. UiVfci 

tf#^sis#£Rmu (01 7) „ u 

[0 0 2 6] ««E8*itf9«U5 0' $£112 10° 

tti->7ht5i5i:1-5rti:j:ot, ffia&ffiVE 

-rs^t^T^So ~n£. 0i8tc^-r. At t p 

SMIl/^>Kt MS> 01 9f'^-r«fc5CH^n 
5. !&2i^;i,©i^xh©«IS:fc,fctfftfi&«) 

02 0\ZB?£?iZ, Ut t PSMfti, 

&mz&ws7 hsns^tssin-r*. 1 5 o° & 
wyyff\tjiv^y^\z^x%±\zm^nxh. m 
s^fc«to4i;^H#©{4ffi->7h«i^*$nr, tfc 
a<oT£ftS£s©->7h£nfcMafc*i'U 210° 
©MS&«^7h#^^i;s. ^lv^ >fc<fctfx 

± #x ^-x svx ^ ± k f^s as© /t-f r *> >^ 

\zm%-X. VXi'SSSfc/'W 771/T, £©$&©£> 
[0 0 2 7] .hJfiLfcJlfctt. ia»>7h- VX7 
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©*tj££, £5XU*>H£«->7h • TX7©fiJ£i: 
• VX7T&-3. 

[0 0 2 8] JSJU©&SU«, C©^©-ff|-?S-5C: t 

5. i/fc*bT, £©fesu«> ^fftt*©$8isrtT©-r 

[0 0 2 9] *t«)tbT, **iflO*|jEK:HUT«T 

jo ©vasrW^-rs. 

(1) »«±fcKtt6nfc^ri6/i^->*it*rr*(t 
«->7h-vx^t^T, *»»fcawa:s«t. m 

bmmomwmmmt, tammmmmntim^z 

mmm^<om<omsisnitmm±\zm» znrcm&fc 
ftyy b®n<D®mm%mtzffiZ-, mzmm&fty 

7 h*S©i(f5f@S'JSlf4S«, i0^5?7y7>ft«l 
>7 Mfc«tK55>7>tt«->7 h&fli: ©#«££& 

a9 wcEgsns, z\t£%&f?z>&#y7 b • vx 

(2) jtis (1) (cte«$nsft*->7 hM®, iiffiffi 

->7MH*. *»«*S*U ttEttffiS'? MMWs«fc 
tf«*S«tt, &&ffi->7hig^£iRt>B*. MI2ftft 

(3) 99V7>mii'7bm*eirtzmtm*£* 
tt 7 ms£ (<f.a*D3o° ) *<rr*tt«5' 
7HK«t**"T*j:tftWllfr*±B (2) tclB« 

39 Offi*^ h • VX7. 

(4) 2;c-0fi[ffl->7Mi^*se>c^-r*rts# 

©iT-S±IB (3) K|B«Ofi«->7 h • VX7. 

(5) 3 7C-<(>fi:4Hv7hS^S:$^tWr5C:t^ 

mt-r^±ffi (3) izfsm<omsyy b ■ vx^. 

(6) 4rt-0ftffl->7hS^S^tC*-rS^t*# 

mt-r^x© (3) ct2«©»>7 h • vx?. 

(7) ftffl->7 h • VX^gjgTa&fcfc^T, HRW 

40 y7bmz$zzxm2£, mm^^Mm&nyy bm 

±{Z7* hU-7Xh©Sl©^^^ Wg37^hkv 
Xh£/1*-x>2fU WiBttffi->7 h«ff, meisiR 

±{r, Sig«®t(»iRf|!iSt&ffl->7h«!»«t©S«J<B© 
<BSfJg5»©/^->S^-rsxS3t. XS3tCi3^ 

TMf&2.nitmw&WL&&rtm\m±.\z7* bvv* 
b<Dm*mttzxn4ii. %im7*b\/z;xbzmKh 
xy^>ifvx. &«->7 b®m<Dfisim®mm<Dmtt 

2 fttzm%,±.iZX • -7X7£^JE£-r5Xe5 

50 {4ffl->7h^H©fltrl2<BSiJSi54)-^Xs/^>i/UT. 
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*7itj;0[&ii-6£££#&<hT£±s (7) ices 

[HI] Al t-At t-Ut t PSMVXi/JM 
tStftC, A l t PSMtAtt-Utt PSM 

[02] 01CDA1 t-At t-Ut t PSMCOfflJffi 

[03] A 1 t -A t t -U t t PSMCDgStf>&X 

[04] A 1 t - A t t -U t t PSM<&BitG>#X 

g£^-t0T&3<> 

[0 5] Al t— At t-Ut t PSMOgjgO&X 

[0 6] Al t-At t-Ut t PSM£>gjg0)&X 

[0 7] Al t-At t-Ut t PSMtf>gj£<Z)#X 
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